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UMthane  and  urethane-urea  elaatoBera  were  prepared  and  their  propertlea 
evaluated  this  third  quarter.  Qie  low  taaperature  fleiciblllty  epeeifloa- 
tloo  was  net  for  the  first  tine  by  an  elastoner  prepared  and  teated  this 
quarter  (PR  1622-K,  liable  III).  Xhla  elastooer  was  prepared  by  using  dlol 
trlol  blends  which  serve  as  mutual  plasticizers  reducing  the  crystallinity 
of  the  individual  polyols  at  low  teoperatures .  Obis  approach  has  produced 
elastcoers  with  the  best  low  temperature  properties  of  any  yet  prepared. 
!Ibe  dlol  conpanents  had  a  na^or  effect  on  lowering  torsional  modulus  at 
-55'C. 

Ohe  -^pe  of  dllsoeyanate  was  varied  on  a  4^00  molecular  weij^t  polyether 
trlol  (Pluracol  4542)-o-dichlorobenzldene  (!DCB)>  l/l  MHa/OB  ratio 
elastomers.  Quasi  prepolyners  were  prepared  for  this  diisocyanate  study 
in  order  to  obtain  liquid  diisocyanate  components.  Properties  varied 
considerably  with  vaziatlon  of  the  dllsoeyanate. 

urethane  elastosiers  containing  no  urea  linkages  were  evaluated  and 
cenpared  to  similar  elastomrs  containing  urea  linkages  in  attempt 
to  evaluate  more  closely  the  ej^ect  of  the  various  components,  urethane, 
urea,  and  polyether  backbone  on  properties  of  the  resultant  elastasers. 
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Ihere  are  military  needs  for  materials  that  are  chemical  and  oil  resistant 
and  possess  elastomeric  properties  over  a  broad  range  of  climatic  ccndltioas 
ranging  from  that  encountered  in  the  tropics  to  the  arctic  regions.  Nuay 
coanerclal  urethane  elastomera  possess  pr(9erties  vhldi  make  then  serviceable 
uxider  nonial  or  more  prevalent  conditions.  However,  they  do  not  possess  the 
combined  properties  of  lov  tengperatrue  flexibility  and  oil  resistance. 


The  objective  of  this  program  is  the  development  of  a  urethane  elsstcmer(s) 
with  the  following  target  properties: 


a.  Tensile  Strength  •  1200  pal.  Min.  (ASTM  d412). 

b.  Ultimate  Elongation  >  200^  Min.  (AS!IM  d412). 

c.  Coapression  Set,  ASTM  D39^,  Method  B, 
after  70  Hrs.  at  212*P.  -  Max.  50)6. 

d.  Coiig)resslon  Set,  ASTM  D1229, 
or  Hrs.  at  -67*0.  -  Max. 

e.  Oil  Swelling,  ASTM  No.  ?  Oil 

70  Hrs.  at  212*F.  -  limits  0  to  10^  (ASTM  D>f7l). 

f .  No  cracks,  breaks,  fissures  after  testing  in 
accordance  with  ASTM  D746  at  -67*F. 

g.  Young's  Modulus  of  Elasticity  at  -67*F. 

Max.  10,000  psi.  (ASTM  D10$3). 

h.  Uhcured  and  cured  elastosiers  shall  be  stable  for  extended 
periods  of  storage  at  amhient  temperstvures.  little  or  no 
change  in  properties  shall  be  observed  after  storage  for 
periods  \g>  to  2  years.  -  Max.  lGi)(. 

1.  Vulcanlsates  of  the  elastomer  shall  show  retention  of  a 
mini  mum  of  7^  of  Original  tsnsile  and  elongation  after 
70  hours  in  a  circulating  air  oven  at  212*F.  (ASTM 


Althouf^  the  final  elastomer(s)  are  not  limited  to  the  above  target  pi^qper- 
tles,  the  key  targets  for  scdiievement  are  (e)  and  (g). 


1. 
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A  z«view  of  the  properties  of  urethexie  elsstoners  lAxlch  hed  previously 
been  developed  at  uyandotte,  revealed  a  trend  tosards  loproved  low  taaper- 
atvire  flexibility  vhen  hl^er  molecular  wele^t  polyether  polyols  were  used. 
Iheoretlcal  considerations  Indicated  that  If  hlc^r  molecular  wel^t  poly¬ 
ether  polyols  were  to  be  used,  the  low  tenperatiue  flexibility  perfozmance 
could  be  Improved.  Oil  resistance  requirements  were  met  by  certain  l^andotte 

developed  polyether  elastomers  based  on  lower  molecular  welgjit  polyether 
polyols.  However,  as  the  polyether  molecular  weigd^t  Increased,  the  oil  re¬ 
sistance  dropped.  A  survey  of  the  open  urethane  literature  and  data  from 
Vyandotte  urethane  research  revealed  that  solvent  (oil)  resistance  may  be 
ioqproved  by  a  nxmiber  of  factors.  Including  types  of  diamine,  dllsocyanate 
and  polyol  used  and  variations  of  same.  IDie  problem.  In  view  of  the  above 
considerations,  has  been  resolved  to  gaining  low  temperature  flexibility 
by  the  use  of  hlg^  molecular  weight  polyether  polyols  and  Investigating 
^dilch  of  the  factors  that  irq>rove  the  solvent  (oil)  resistance  does  not 
appreciably  affect  the  low  temperature  flexibility.  In  addition  to  hlg^ 
molecular  weight  polyether  polyols.  It  Is  anticipated  that  other  types  of 
hlg^  molecxilsr  weight  polyols  may  be  used,  e.g.  polyesters.  Hy  using 
blends  of  polyols,  it  is  expected  that  they  may  be  mutually  plastlclBlng 
at  low  temperatures. 

During  the  first  quarter  a  statistically  designed  set  of  experiments 
investigating  3  variables  at  two  levels  were  completed.  Ibis  investigation 
was  based  on  the  above  considerations.  Two  aromatic  diamines  (MOCA  and  DCS) 
were  compared  at  two  levels  of  amine  to  hydroxyl  ratio.  Two  aromatic 
dllsocyanates  (TDI  and  MDl)  at  two  levels  of  concentration  were  also 
compared.  Two  polyols  of  1^00  equivalent  weight  were  utilized  to  roisid 
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out  the  five  varlablee.  Oxese  polyols  ere  Plureeol  1P«4^2  end  Terecol 
30.  !Ihe  use  of  ortho  dlchlorobensldlne  (DCB)  at  a  I.3  HBa/CH  ratio  in 
ccBiblnatloa  vLth  tolylene  dlisocyanate  end  the  polypropylene-ethylene 
ether  trlol  came  the  closest  to  meeting  the  Amy  specification  for  an 
oil  resistant  rubber  vlth  good  low  temperature  flexibility. 

Preparation  and  evaluation  of  urethane-urea  elastomers  were  continued  in 
the  second  quarter.  Based  on  work  perfomed  in  the  first  quarter,  dichloro- 
bttxzldlne  (dCB)  and  toluene  dlisocyanate  were  the  diamine  and  dlisocyanate 
chosen  for  the  bulk  of  this  work,  ihe  amine  to  hydroxyl  ratio  was  varied 
on  urethane-urea  elastomer  fomulations  based  on  two  polyether  trlols,  a 
5200  molecular  weight  polypropylene  ether  triol  and  a  7000  molecular  weled^t 
polyether  txlol  containing  a  large  percentage  of  ethylezxe  oxide.  Ohe  amine 
to  hydroxyl  ratio  was  varied  from  I.5  to  2.5  in  the  series  based  on  the 
foxmer  trlol,  from  I.5  to  10  on  the  latter  triol.  !Ihere  was  surprisingly 
little  variation  in  torsional  modulus  at  -53*0.  with  variations  in  amine 
to  hydroxyl  ratio,  even  over  the  range  from  I.5  to  lO.O/l.  However,  as  the 
amine  to  hydroxyl  ratio  increased  from  I.5/I  to  lO/l,  the  room  teoqierature 
torsional  modulus  Increased  from  260  to  32OO.  Introduction  of  ethylene 
oxide  into  the  polyether  chain  decreases  the  oil  absorption  at  the  expense 
of  Increased  water  absorptim. 

In  the  past  third  quarter  the  above  studies  were  contlntied.  Other 
isocyanates  were  investigated  and  mutual  plasticizing  effects  of  blends 
of  polyols  were  investigated. 
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KXIERIMtmL  PROCKDUFB 

!Ihe  esqperinental  procedure  ves  essentially  the  saiae  as  described  In 
Quarterly  Progress  Report  2,  1  January  1963>  Efforts  to  remove 
unsaturation  in  the  polyethers  have  been  initiated.  Obis  will  he 
reported  next  quarter  together  vith  properties  of  elastomers  pre¬ 
pared  from  these  Inqproved  polyols.  A  new  Clash-Berg  torsicsial 
modulus  apparatus  has  been  purchased  that  permits  measiurement  of  12 
samples  successively.  IMb  apparatus  will  permit  efficient  evaluation 
of  low  ten^ratiire  torsional  modulus  of  elastcsoers  oyer  a  tem^perature 
range. 
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HBSimra  AMD  DI8CUB8ICH 

Sable  I  lists  properties  of  elastooers  prepared  frca  70-30  bleads  of  3^00 
molecvtlar  weie^t  polypropylene  ether  triol  or  tetrol-polytetranethylene 
glycol  (Seracol  30,  3000  molecular  veig^t).  She  triol  based  o-diehloro- 
benzidizie  (IXS) -toluene  diisocyanate  (TDI)  elastcmers  bad  better  low 
temgperature  torsional  moduli.  Sable  1  also  lists  the  effect  of 
plasticizing  these  formulations,  vising  either  a  liquid  medium  nitrile 
rubber  (Hyear  1312X4^)  or  a  polyether  triol  (molecular  weifijit  =  22,000). 

It  was  found  that  the  llqxiid  nitrile  rubber  did  not  appreciably  affect 
the  oil  resistance  of  the  elastomers  but  adversely  affected  their  low  tem¬ 
perature  flexibility.  She  elastomers  prepared  with  the  hl^  molecular 
wei£^t  pol;^'ether  had  an  improvement  in  low  temperature  torsional  moduli 
but  were  weak  at  room  tenperatvure . 

Sable  II  lists  a  cooparison  of  urethane-urea  elastcmers  prepared  from  a 
4.500  molecular  weight  triol  (Pluracol  SPE-4542)  and  the  5200  molecular  wel^t 
polypropylene  ether  triol  with  blends  of  these  triols  with  crystallizing  dlols. 
In  these  elastomers,  the  diamine  was  DOB,  the  diisocyanate  SDI.  At  -53 *C., 
the  blends  of  triol  and  3 000  molecular  weight  polytetramethylene  ether  glycol 
(Seracol  30)  have  better  torsional  moduli  than  the  elastcmers  based  solely  on 
the  triols.  Ihe  elastomer  containing  309^  Pluracol  E-6OOO  (60OO  molecular 
weieh't  polyethylene  coclde)  had  poor  torsional  modulus  at  -33  *C.  Apparently 
the  3096  of  Plviracol  E-60OO  in  this  elastomer  is  too  much,  leading  to  crystal¬ 
lization  at  -351*0. 
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6. 

In  Tnble  III,  BngliUitioa  No.  FS1622-K,  an  elastoner  containing  only  20)1 
Pluxmcol  b6000  and  ’iOjt  Teraeol  JO  had  exeallant  toralonal  laodulua  at  -55*0., 
meeting  the  specification.  Ibe  remaining  polyol  «as  Pluracol  TEB-U542,  the 
tiimina  DCB  and  the  dllsocyanate  TDI.  Coiqparlscn  could  be  made  between 
elastomers  PR1622-F,  (Table  I,  and  PR1622-H,  lable  in.  In  «hlch  each  elas¬ 
tomer  was  plasticized  vlth  the  22,000  molecular  wei|^t  trlol.  Ihe  effects 
on  properties  were  similar  to  those  on  the  unplasticized  elastomers,  PR1622-B 
and  PR1622-I,  Table  II. 

Table  IV  lists  the  effect  of  various  dilsocyanates  on  the  properties  of 
Pluracol  TPE-I1.542-DCB  based  elastomers.  Quasi -prepolymers  were  prepared  at 
a  4/1  NCO/CH  ratio  from  Pluracol  TFE-4542  and  each  of  the  dilsocyanates  and 
these  prepolymers  were  reacted  with  a  Pluracol  TET1-4542-DCB  blend.  By  using 
this  technique,  developed  last  quarter,  it  was  possible  to  process  these 
dilsocyanates  more  easily  into  the  final  elastomer.  Table  V  lists  stress- 
strain  properties  of  these  elastomers  at  elevated  temperatmas  run  at  Rock 
Island  Arsenal  (R.  I.  Lab  Report  oJ-ES-Jl).  p-Fhenylene  diisocyanate,  1,5- 
naphthalene  diisocyanate  and  bltolylene  diisocyanate  each  are  interesting 
when  compared  to  tolylene  diisocyanate  due  to  their  superior  stress-strain 
properties,  both  at  ambient  and  elevated  temperatures,  improved  oil  re¬ 
sistance,  and  lower  water  absorption,  at  the  expense  of  slightly  higher  low 
tenperatuze  torsional  modul\is  and  somewhat  Increased  processing  difficulties. 

Thble  VI  lists  properties  of  additional  samples  vhich  were  prepared  from 
Pluracol  TFE-4542  and  the  various  dilsocyanates,  omitting  all  diamines. 

These  sangples  had  very  low  mechanical  strength  due  to  the  fact  that  they  had 
no  reinforcing  urea  linkages.  Low  tesqperature  torsional  moduli  were  similar. 
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Table  VII  lists  properties  of  uretbue  polyawrs  prepared  from  various 
polyols  and  TDI.  Again,  these  polyiMrs  bad  lov  nedianical  strength  due 
to  the  lack  of  \u«a  linkages.  Ihe  coe  exception  was  the  TeracOl  30  polysier 
in  vhidi  the  crystallinity  of  the  polyiaer  on  stretching  provided  the  rein¬ 
forcement.  However,  this  same  polymer  also  crystallised  at  low  temperature, 
providing  poor  lov  temperature  flexibility.  As  the  urethane  content  of  the 
polypropylene  ether  trlols  decreased,  and  the  trlol  cross-linking  decreased, 
the  flexibility  at  -55*C.  improved. 


Laboratory 
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I.  Blends  of  dlola  and  polypropylene  ether  trlols  conbined  with  ortho- 
dichlorobenzldlne  and  toluene  dllsoeyanate  at  a  l/l  NHs/CH  ratio  nay 
he  utilized  to  prepare  elaatonera  that  meet  the  low  temperature  flex¬ 
ibility  requlxements. 

II.  Although  certain  of  these  dlols  nay  he  crystallizing  at  vhen 

xised  as  the  sole  x>olyol  in  the  urethane-urea  elastcners,  tdien  blended 
with  other  polyols,  they  are  plasticized,  reducing  this  tendency  to 
crystallize.  However  they  still  tend  to  crystallize  on  stretchlxxg, 
thereby  improving  the  tensile  strength. 

III.  Urethane  polymers  containing  no  urea  linkages  offer  a  convenient 

method  of  measuring  the  potential  of  polymers  based  on  a  polyol  system 
to  meet  low  tenpersture  torsional  modulus  requirements. 

IV.  Ihe  effect  of  various  diisocyanates  on  properties  of  the  urethane-urea 
elastomers  has  been  characterized.'  Several  of  the  elastomers  prepared 
from  these  diisocyanates  have  improved  oil  resistance  and  mechanical 
strength  both  at  ambient  and  elevated  temperatures.  Ibese  diisocyanates 
were  p-phenylene  dll80<qranate,  1,  ^-naphthalene  diisocyanate,  and  bitoly- 
lene  dllsoeyanate.  However,  they  bad  silently  higher  low  temperature 
modulus  and  were  more  difficult  to  process. 
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FUHJRB  PROGBAM 

A  program  for  next  quarter  la  outlined  below.  Tbla  quarter.  It  baa  been 
proven  that  the  low  teoperature  flexibility  nay  be  attained  by  blende  of 
hlc^  molecular  wei^t  polypropylene  ether  trlole  and  cryatalUne  dlols. 
However,  the  oil  abaoiptlon  remains  a  problem.  Also,  the  mechanical  strength 
tends  to  be  scmewhat  low  when  the  hl^^  molecular  weight  polypropylene  ether 
trlols  are  tised.  The  primary  approaches  to  be  used  next  quarter  to  improve 
these  deficits  are: 

1.  Ihe  hlc^  molecular  wel£^t  trlols  will  be  "cleatMd  up"  by  removing 
most  of  the  Impurities  that  cause  chain  texninatlon. 

2.  Other  crystalline  high  TOlecular  weight  dlols  will  be  tried, 
including  polyester  dlols.  By  varying  the  diol  content,  the 
effect  of  trlol  cross«llnk  density  will  be  characterised. 

3.  Other  candidate  diamines  will  be  tried,  including: 

A.  p,p'-DLamlno  aulfone 
£.  p,p'-Dlanino  diphenyl  oxide 

C*  a, ^,p-Pbenylene  diamines  containing  negative  substitution 
on  the  bensene  ring. 

D.  Other  caxidldate  diamines 
k.  More  work  with  dliaocyanatea: 

A.  DLptaenyloxide  dlisocyanate 

B.  Durene  dilsoeyanate 

C .  p*Fhenylene  dilsoeyanate 

D.  l,g^Mphthalene  dilsoeyanate 
I.  Bltolylene  dilsoeyanate 

f .  Other  candidate  dllaoeyanates 
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Blends  of  BOleeuler  vel(^t  polyether  polyols  sad 
assorted  low  moleoular  veig^t  polyols. 

6.  SlastcsMTS  based  oa  assorted  alkalene  oxide  block  and 
heterogeneous  high  aoleeular  veigfht  polyols. 

7.  On  request,  any  of  the  nore  Interesting  elastocMrs  viU 
be  machine  east,  providing  the  raw  materials  are  available 
in  sufficient  queatities. 

8.  Preparation  of  uxathane^urea  elastaners  containing  no 
urethane  or  urea  hydrogens. 
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